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Appendix

I A. DICE Concurrent Engineering Environment Overhead Presentation

B. STEP Tools, Inc. Presentation Materials

B1. The Standard Data Access Interface

B2. Implementing AP Inter-operability using STEP-VIEWS

B3. STEP Software for World-wide Manufacturing

C. Detailed Description of CFI DR 1.0

D. DIE Informa ion Exchange (DIE) Format Reference Manual (Chapter 1)

E. ASEM CAx Interface Specification Alliance Program Plan and Roadmap

I F. Market Study Telemarketing Survey

Fl. EDA DICE Market Study Telemarketing Program

F2. Marketing Survey List

F3. Basic Statistics

G. EDA Commercial Vendor List

I Acceslon For
NTIS CRA&I
DTIC TAB
Unannouncedjustification ......... --

By. -.....

Dist, ibutiofl I

Availability Codes
I Avail and/or SDist 'Special

I DTIC 'q' ',D 3
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I A. DICE Concurrent Engineering Environment Overhead
I Presentation
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I Bi. The Standard Data Access Interface
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The Standard Date Access Interface
I(SDA)

Presentation by Martin Hardwlck
i of work performed by WG7 of ISO/STEP

Contributions by
i ~JIM Fowler, MIST oerBurkhart, Deers

Jan Van Manner% Rutherford =rak Demnask, EDS

Warr Do Bruln, NO David B BoeingDave Price, IBM Steve Cld, NST
Martin Hardwick, RKISTE Toole John Halbert, PAFEC
Cbltl-ul Shih, SDRC Rob Hwrd, British Aerospace

Erns Schlectendahl, RPK
Dave Nixon, DEC others
Randy Watiler, Auto-trol

sue IPPIIM 10/6WSi

P/-The SDAI Ra WonIRPI
* An OPEN. STANDARD database for product data

IDA

I De~sign Manufacturing Anayi
Visualization Process Planning CFD
Modification NC Path Generation Stress

Cost eatlatem FEM Mesh

sus t PPI MB 1M •sos m 40

I
i



AL ~~Requirements Ryo

*Let applications access databmase of STEP data.

-CAD style concurrency.

-EXPRESS driven (applies to all STEP models)

-Early and late binding

I - Database = (data dictionary + data Instances)

*Define path to STEP date that works for anyI database

relational, file, 00 and CAD system specific

Usa3 IPPI IRS UY1SIU lomjg 4

ALRole in STEP Raywon

STEP Toolkit iuve I

Trn.EXPRESSI F y1u [I1
Complier I LJ W Physical

Fil
.I ...... ...... ....n

Up
In

mhe 91AI Future
8114 UP' MR 10115f
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Concepts Rayi~fon

30JUS~eslon

I I I

SDAlRepository SDAIReposltory SDAIReposltory
(Object Database) (UNIX Directory) (CAD System)

SDAIModel SDAIModel SDAIModel
(Object Set) (Part 21 File) (CAD File)

lI I
Folder Folder Folder

(Circles) (Unes) (Points)

IWin "M IRSi

l Oono, c,,°O..y1.r,.
A-L ~Concluding Remarks a nIP

I • The SDAI is an API for EXPRESS.

i The SDAI lets applications execute against
multiple CAD databases.

The Commitse Draft ballot version of the SDM was
delivered to ISO STEP In September 1993.

I
I

IIsPPI IRlS tG15'1 'l5Wl•

I
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RPI & STEP Tools, Inc.

Using PDESISTEP to Implement
CONCURRENT ENGINEERING

Blair Iownle

Martin Hardwick David Llfdo
Mike Wozny A IMe
Peter Wilson A :.Bdy
Mike Kutcher Richardfr I

I David Spooner Dan Jm
Mary Johnson " Oxall

Vllay IRaga

Rensselaer Technology Park doidM nioonefryYoung
Troy, NY 12180 Mut Jinmori

Jochen Fritz
(518) 276-2848 Tom Uberty

PRiIy tmndd by an. DARPA ilMUve In Comws. Inwmd g (blot)

WID fmm

I 1Overview RPI & STEP Tools, Inc.

II
" Using STEP to Implement concurrent engineering

Extensions to the standard

I
I
I

ImId

I
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Concurrent Engineering RPI & STEP Tools, Inc.

SAero
Design

LogIstics1 Wgen Mechanical

sg Design

U ProcessDesign

"Reduce design time by improving communication"
Computer Tools Management

I Shared Database • Reward structure
* Designer's note book • Organization
- C31 Tools j "Meetings

I
Concurrent Engineering 1 RPI & STEP Tools, Inc.

SI ~Circuit
*I •Designl

Departmen Department
Data Dabasm

Future__ AP 210
Product Pr

Model

I
I
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Concurrent Enalneering 2 RPI & STEP Toole, Inc.

I es &am Des•
DatabaseA DeDltaaRi

D esigD ei gnt

D esig n Data I D ata

i Delta ielss RPI & STEP Tools. Inc.

A ii iB li

Serial EngineeringI A
1 CE Re~aulrementsCAD l Onjct C ese

2. Delta fies
B _

X2-X1 +X _____SConcurrent Engineering

I

I
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Concurrencv Usino Delta Files RPI & 9M Tools, Inc.

I
I

IDelete Entity z Modify Entity b
c AtoDV W NCE

1. if VERSiON 3. MANAGyE Mntit

Fundedt Eniy yh AP iteIh Co m aste E ntgi tyin (DCE

-'---- Infth design :=':Iloes

I

ISECS/CE RPI & SEP Tools, Inc.

"STEP Entity Control System for Concurrent Engineering"

I ~ADVANCEDI

2. VERSION

S• CONTROLq*K I

- I NOTIFICATION IIQUERYl
5.TOOLS i 4. ITOOLSl

Fumbd by to DARPA Inltlktlk In Comnwrw Engkw (DCE
i •l ads
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Demonstration RPI & STEP Tools, Inc.

Part Design Fixture Design

Fixture [-

I ACIS CATIA
onaSUN on a RS/600I

I
VI and V2 RPI & STEP Tools, Inc.

Part Design Highlighted Changes
VIII (STEP file)

| V2

I ACIS CATIA

onaSUN on a RS/600

I
3 im 3d

IE
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Overview RPI & STEP Tools, Inc.

I
• Using STEP to implement concurrent engineering

" Extensions to the standardI
I
I

I
Delta file standards RPI & SE Tools, Inc.

11. An identity stndard

So that we know when two entity Instances describe
different versions of the same thing.

12. A file format that understands the identity standard

So that we can exchange data without loosing
identity.

13. A delta file Application Protocol

So that all applications can process engineering
changes.

14. Now 8DM Operions 0
So that delta files can be computed and applied.

I

II
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Now SDAI Operations RPI & STEP Tools, Inc.

SDff function to compute the difference between
two 8DAI models.

- Sod function to apply a dlff to an SDM model

and optionally

3 Conflict function to analyze the quality of a diff
with respect to an SDAI model

Imm ml

Dlff RPI & STEP Tools, Inc.

Produces a change record for each difference
between two files.

Edit attribute value of Instance
Delete Instance
Create Instance
Add type to Instance
Delete type from Instance

IEdlt, OlD, attributesname, new valuft
lcDelete, OlD3'

,:Create, OlDpIAdd type, OlD, type>
iDelete type, OlD1

* Format of the change record may need to be agreed
with a future "change control" AP.

I amm
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Sod RPI & STEP Tools, Inc.

- Sod applies a file of change records to an SDAimodel

i If a record does not make sense for a model

I (for example the Instance to be edit has been deleted)

3 then Sad Ignores this record and moves on.

I

I

3Conflict RPI & STEP Tools, Inc.

3 Analyzes the quality of a delta file with respect
to an SDM model

or with respect to an SDAI model and another delta
file

3 Can produce

Ust of records that will not do anything
Ust of records that change the same entity Instance

* mm
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I User Interface Issues RPI & STEP Tools, Inc.

• Identifying and resolving conflicts requires user
Intervention

* This means the conflicts must be presented to
the user In a form that he or she can understand

i For example, an edit to the center of a circle mustbe presented to the user as a change to the circlenot a change to the point.

• In other words changes to the AIM entities must
be presented to the user as change to ARM entities

1

Conclusion RPI & STEP Tools, Inc.

i STEP is a key technology for concurrent engineering

- Support for delta files should be added to STEP

S•This requires

a standard for Identity
an AP for change control
SDAI support for computing and applying diffs
support for Views so that conflicts are meaningful

* mm
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B2. Implementing AP Inter-operability using STEP-VIEWS

I
I
I
I
I
I
I
I
I
U
I
I
I
I
I
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ISTEP Tools, Inc

I Implementing
AP Inter-Operability

using
I STEP-VIEWS

II Dr. Martin Hardwick
RPI & STEP Tools, Inc.

hardwick@ steptools.com

IN l~mlo Iudnd by 6t DARA himIv h Cmwrmu Uaig~em~ht (DIcE)
IIM lllllll1160

Overview STEP Tools, Inc

I * Applications of STEP-VIEWS

I EXPRESS-V A View Definition Language
(input to Version 2 of EXPRESS)

i SDAI-V A View Definition Architecture
(input to Version 2 of the SDAI)

I STEP-VIEWS = EXPRESS-V + SDAI-V

IIPIIII



Why STEP-VIEWS STIEP Tools, Inc

STEP-VIEWS contribute towards

1 • AP Inter-operability

I • Making STEP more affordable

" Making STEP easier to understandI
I
I

AP Interoperability STIEP Tools, Inc

Supplier Systems
SAnaysis Mmaterials i Control

Sstem System System

EXPRESS EXPRESS EXPRESS EXPRESS
* for dataSIn system jA _

Contractor Databamse

morsm 4dI
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Making STEP affordable ST Tools, Inc

I u

I
IMaking STEP easier to understand smrE Tools, Inc

"Ue"AR Othe Easy to understand
I ARMVIEWdefinitions

I
I

"Norrmlized" le internal

S AnIM Cmpex

II Ddefinitions

II tDA , Lgu

Vie
Deig
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Desirable Features STEP Tools, Inc

I Do not loose accuracy or completeness of STEP

* Make It possible for a tool vendor to Implement one
interface to multiple AP's

* Make It possible for AIM entities to be mapped Into
ARM entitles.

* Allow a common model to be computed from many
AP models

I

I
* Goals STEP Tools, Inc

To meet the requirements given the STEP-VIEWS
must be able to

- select the entitles to appear In a view

- simplify the definition of those entities when desirable

I
I
I

I hIue n Oaud

I
I
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EXPRESS-V Example STEP Tools, Inc

(" cube defined In the normal way using EXPRESS')
ENTITY cube;
x: REAL;
y: REAL; j Cube Is simple, block
z: REAL; Is complicated - see Part 421
size: REAL;

END-ENTITY;

(* Cube defined to be an view entity for block using SVDL )
VIEW block AS cube
WHEN block.x = block.y AND block.y block.z;
x :z block.posltlon.location.coordinates[I]; (" local origin )
y = block.position.locatlon.coordinates[2];
z := block.position.location.coordinates[3];
size :: block.x;
END_VIEW;

Sa m

I
Illustration GTEP Tools, Inc

I
I EXPRREýSS-V

F o rm u la s 04 ý

I View
I

I SDAI SDAI
Database Database

I

I
I
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Basic Features STEP Tools, Inc

i VIEW cbase entity* AS ,eview entity>

WHEN -ccondifononbaseentltp;

cattrlbut" .'= -4expresslon2;

(* other features not yet described )

ENDVIEW;I
I

Some Refinements STEP Tools, Inc

VIEW centity_ S AND centgty._b02 AS cview entityp

the view entity Is contructed from two base entitles

(similar to joins in relational databases)

VIEW centity.a>:cname_a" AND centltyp:.a:cnamerb3

the base entity Is used twice and renamed at each
occurence (similar to SQL)

VIEW centitya>;

the base entity Is copied Into the VIEW as Is

I

I
i



8DMI-V Requirements STEP Tools, Inc

-An architecture Is needed to describe how
applications can use views

* The architecture must be compatible with longI transactions

Old

Long transactions CM~ Tools, Inc

IIaamn ISple
I atl 7(en

AnlssIA otiir
viwILC1

AP20
Deftbse DsignPrirn Do yste

S=IA (:g
vie
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Approach STEP Tools, Inc

O one approach might be to compute view updates
by inversing the view definition as In relational
atabases.

I Advantage- the user only has to describe how the
View Is constructed

i Disadvantage- View updates are a problem
In relational databases for complex views.

I • Our approach Is to ask the user to describe an
algorithm to Implement the view update.I

I
Updates STEP Tools, Inc

VIEW cube OF blockWHEN block.x = block.y AND block~y = blOck~z;
(* view attribute definitions previously shown bc

UPDATE
block.position.location.coordinates[I] := x;
block.position.location.coordinates[2] := y;
block.posilton.location.coordinates[3] := z;
biock.x = size;
block.y size;
block.z : size;

(* other features not yet shown )

I ENDVIEW;

I

I
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Illustration STEP Tools, Inc

Foamulas

Base ViewInstances Instances

I

i~ViwW UPDATE

SDAI rftm._me SDAI

i Database Database

I
8DAI-V Algorithm STEP Tools, Inc

1. A private copy Is made of a set of entity Instances.

i 2. A set of view Instances Is created from the
Instances selected In Step 1.

i 3. An application or user edits the view Instances
for a (possibly) extended period of Utme.

4. The new values of the view Instances are used to update
the Instances selected In the Step 1.

5. The view Instances are deleted.

6. The Instances copied in STEP I are merged back Into
the database.

I

i
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Issues STEP Tools, Inc

I * The VIEW database creates or deletes entity Instances

sen enhancements on next slide

* The UPDATE formulas cause side effects on each
other

user responsibility to make the formulas side effect
free

I The base entitles may be locked for a long time

a good version control mechanism Is need In STEP

I
Creating and Deleting Instances STEP Tools, Inc

VIEW block as cube
WHEN block.x block.y AND block.y a block.z;..

( Definition and Update formulas not shown )

CREATE
block.position := axis2_placement;
block.position.axis := direction([0.0,0.0,1.01);
block.posltion.reLdirection := direction([1.0,0.0,O.OD;
block.position.locatlon := carteslan.point ([0.0, 0.0, 0.01)

DELETE
block.position.location;
block.posltion.reofdirection;
block.position.axis;
block.posltlon;
block;

ENDVIEW;
inmtm ad
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Refinements STEP Tools, Inc

- Update, Create and Deiste blocks may need to be
conditional

- For example, to create a product version Instance In
AP 203 It may be necessary to create a product
Instance first

I CREATE WHEN SIZEOF (QUERY (t -o product I TRUE)) 0 0

('code to create the product Instance )

I • Error conditions may be raised.I
I ads

BNF Outline STEP Tools, Inc

I VIEW ,:base-entityp AS ,vlewvenUtyp

(WHEN ,condItIon..onbase entty});

(iattributef, := ,iexpresslon,;) *

(UPDATE (WHEN ,condition,)
(<base.entityn,.cexpression:, : cexpression:,;)

(CREATE (WHEN -ccondition:,)

(cbase_entlty*.,expresslon: = ,eexpresslon=,;)"

(DELETE (WHEN iccondition})
(,ebases ntity..cexpression3,;)"

ENDVIEW;

I
i
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Application Interpreted Constructs STE Tools, Inc

AP 203 AP 207

SOsomstro._AIC

.. I € -_fc MICI c_•

m AIC's are "standard" partitions
of the AP's

AIC's and STEP-VIEWS STEP Tools, Inc

SAIC's make views easier to define

* Views do not need AIC's.

* Views can be used when AIC's are not available.

* Views do not have to be defined by STEP.

I Views are a solution to AIM to ARM problems.

1 Views and AIC's make STEP easier to Implement

IWON
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i Conclusion ST Tools, Inc

STEP-VIEWS facltlltates

AP Inter-operability
More affordable STEP Interfaces for suppliers
Model sharing between AP's
Easier to understand Interfaces

n We have presented

EXPRESS-V to select and simplify Instances
SDAI-V to support long transactions

1
Odom

I
Schedule S"TEP Tools, IncI Goal: Demonstrate ViabilIty of Concep T

PI I WUkFPRSWiU O

aI S 4 6 6

& 9AI I V 41_

opw

&. 816d PON Ips is
I 1BpslI~

S36 Weeks Total

26 Weels a STEP Tools Clams I Menemshlp

I

I
I
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3 B3. STEP Software for World-wide Manufacturing

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ARPA Market Study - Appendix



STEP Tools, Inc.

* [ STEP for
'World-wide M nfcuig

STEP Tools, Inc
100 Jordan Road
Rensselaer Technology Park
Troy, NY 12180

I
Overview STEP Tools, Inc.

i Why STEP

- Software products for STEP

Im•I~l
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I EP Tools, Inc.

I [ STEP Softwarefor•World-wide Manufacturing!

Martin Hsrdwlk*1 h~~aZ&AeklateptooIa. a

i "STEP Tools, Inc
100 Jordan Road
Rensselaer Technology Park
Troy, NY 12180

i Id,1.IB111

I
I Overview STEP Tools, Inc.

- Why STEP

I Software products for STEP

I
I

I
i i M l Ia
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What is STEP STEP Tools, Inc.

• An Information modeling language called EXPRESS

* A methodolgy for creating product models

I Product models in place or under development for

Configuration Controlled Design (AP 203)
Associative Draughting (AP 202)
Sheet Metal Die Design (AP 207)
Circuit Assembly Design (AP 210)
many others

• Methods to access EXPRESS data In files and databases

I
Why STEP STW Tools, Inc.

I • Better communication

• Better databases

- Reduced design timesI
I
I
I •m4IO

I
I
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Better communication STEP Tools, Inc.

STEP is International, modular and extensible.
U ---* -

I I c

: -' -- Lbayo
. N P@UA1ON uOOU

p $

N OKI MA systema of chieh ngevry ofyar

SMnalsing

I

Inhons3 0m
D

*PLEmwErNTAIHuumn0

3Better Databases STEP Tools, Inc.

-The CAD system of choice changes every 5 years

1 - Products can last for 30 years

IDA

IDesign Manufac~turing Analysis
Visualization Process Planning CFD
Modification NC Tool Path enration Stress

Coat seatiates; FBI Mesh

soeU
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Reduced Design Times STEP Tools, Inc.

SConcurrent Enalneern Circuit I
I I Department Stan mm, Departmenti

[Stratent Finish DeI

SDatabase ,,mi Database
Fu twre __P_2_
Product Product__I Model M Ide T

I Department Tools
Database Database I

AP 220i~i
Product
Model

I

STEP Software STEP Tools, Inc.

I I nformation Modeling Tools

* Application Development Tools

-Database Management Tools

I
I

mm i n uunlnmlm mml I I I nlll l ni I I
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Information Modeling Tools STEP Tools, Inc.

I

ST-EXPRESSI
I
I

I
Reasons to buy STEP Tools, Inc.

• EXPRESS Is a great way to model technical data

- EXPRESS is system and technology Independent

i EXPRESS can help you understand the
- Information requirements of your enterprise

- EXPRESS can help you plan your new systems
Sand understand your old ones.

• EXPRESS has been used by STEP, CR, POSC and others

I
i m • Ui

IB

i
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What you need STEP Tools, Inc.

i Tools to help you understand EXPRESS models

- Tools to help you verify EXPRESS models

i Tools to test your models

• Tools to develop new models

I
I
I .

I
ST-EXPRESS STEP Tools, Inc.I

i An EXPRESS compiler

* An EXPRESS Interpreter

i An EXPRESS to EXPRESS-G translator

* A Instance editor and checker

I

I
i m m

m.

Im
m
mm
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Check the EXPRESS STEP Tools, Inc.

Use the EXPRESS complier:
a ,a•zmt -. ishems.emp

iSCHEMA An Infornmation Model

GNTMrw An Entity deflnes
edD: INThIER:;a record

3 mminv No".
_w_ RE WHERE dofnnes

,WkNNfAsndýInq: c - 1Si CkWO); constraint
nETfTY NbRne SUNTYPE OF Nod; -- Inheriltanc

"Iontar_:SET 10:?) OF hItomsNodo;

no" le n o :, ELIF;
reN3f Rtt bod Function callENI"I"1Ti

I
Create EXPRESS-G STEP Tools, Inc.

Put the EXPRESS file through the layout tool:3 e .pziew2ezpg Afealm .S

View the result with the EXPRESS-G display tool:3~ ex.preme-9 AN1.ob&=-.zpg

U Browse, rearrange, and print the EXPRESS-G diagrams.

I
I

m l~m4• d

I
I
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3 Availability STEP Tools, Inc.

n . MS Windows plafforms 01 of 1994U
I
!
I

i •41mII d U

- Application Development Tools STEP Tools, Inc.

I
n ST-DEVELOPER

(The STEP Programmers Tool Kit)

I

U14~l dl
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Reasons to buy STEP Tools, Inc.

• You need to exchange data between CAD systems

- You want to link an application to a STEP database

I • You want to write a new CAD application

i You need a custom application for STEP or EXPRESS

!
I

I
What you need STEP Tools, Inc.

- Maximum programmer productivity
- Full, reliable, comprehensive coverage of

EXPRESS, Part 21 and the SDAI

I • Modularity and flexibility

I Built-in database management

* Interfaces to IGES, DXF and other standards

3m * Built In support for a wide range of CAD systems

II41IBll
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I I Srr-DEVELOPER WOE Tools, Inc.

II
EXPRESoMl•

3mProject STEP Objects Too

I ._ •:...........

IProjects WO Tools, Inc._

- WP AFD Geometry Database project for F15, Fie &3 AF22 aircraft geometries.
* Integrated Process Planning initiative (IPPi)

3 • PreAmp SDM database for circuit boards (AP 210).
- Raytheon - MO DB for electrical manufacturing data.
* Rapid Response Manufacturing.

I * GM and Boeing - UG/CGS/CATIA Sheet Metal Project
_ Unigraphics AP 203 Interface for the STEP 777

project
* CTC CALS EXPO 93 demo
* Roll# Royce, Applicon, and 80 others in the US,

Germany, Japan, UK, Spain and Scandanavla.

mwas

I



3Data Exchange STE Tools, Inc.

SUN RSIG000
3 Ubrary of

AM ~~Geometry Definitions AI
*API (Pr4)API

UC++ classes CompilerC+Clse

I/ 
U- -yMO 

*1 0 I m o

3Electronic Commerce STEP Tools,, Inc.

U (Boeing)

Sheet Metal

Supplier3 ~~~~(GM) .. :;..

......-
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Shared Database STEP Tools, Inc.

I
SDatabase

mhgk Prooem Planning F

Modification KC Path Goenertion Stress
Cost eetbnew FEM MashI

I
I

I

Availability STEP Tools, Inc.

I
UNIX workstations since Decembe 1991

II
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Database Management STEP Tools, Inc.

I

ST-203I
I
I

n oln4l Si.

I
m Reasons to buy SM Tools, Inc.

"" You need an archive of AP 203 descrlptlonss
for your customers and suppliers

3I • You need to convert to AP 203

"" You need to be able to verify the correctness of3. your AP 203 data sets

"" You need to be able to repair AP 203 data

wit

I
I

I



What you need / ST-203 STEP Tools, Inc.

3 An archive

- An AP 203 visualizer and data editor

1 IGES to AP 203 translation and data entry

3 Test and repair tools

Availability STEP Tools, Inc.

1 Silicon Graphics and SUN platforms Q0 1994

g Other platforms as Open GL becomes available

* Demonstrations at AUTOFACT and CALS EXPO

IOda
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- C. Detailed Description of CFI DR 1.0

I
I
I

I
I
I
I

I
I
I

ARPA Market Study - Appendix



I

Detailed Description of CFI DR 1.0
This is a detailed description of the Information Model developed by CFI to
represent the hierarchical netlist connectivity of electronic circuits. One of CFI's
goals it to represent more aspects of circuit structure in the future.3 The Information Model has been partitioned into two sections. The first section
is the "Base Object Model", and the second is the "Base Connectivity Model". The
"Base Object Model" captures the top of the entity hierarchy used to describe the
information model (see Figure 1). The "Base Connectivity Model" represents a
high-level abstraction of the base connectivity model for electronic circuits.

3 Description of the Base Object Model

The entire Design Representation Information Model is derived from a single
entity which models the basic, low-level behavior of any entity in the model.
This low-level behavior is intended to capture the essence of the notion of an
OBJECT. The basic behavior of all objects in the DR model is that they will be
TYPED and may have an optional list of properties associated with them. Addi-
tionally, many objects have a NAME.

I
....... ,OldType ....

IWY0Wb- ..............S........., . ) ,, - ••'.... ............ •
I=E =80U.,b

I ~ ~.......... . ................ , If m i

I 0M.2 M0 MokWO

i INe: .....l..... .................
names are acually.................

p mie~lm dwith cfidrVl , v st ;

Figure P. Base Object Model

The Base Connectivity Model Descriptioni This section describes the portion of the model that represents hierarchical netList

connectivity. The EXPRESS-C diagram of the Base Connectivity Model is shown=oin Figure 2. This model represents the objects and relationships used to rep-
_7tresent hierarchical netlists with bundles in Cri 1.0.0 Design Representation.
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3 Figure 2. BaeConnectivity Model

i Hierarchical design supports the notion of building up the behavior of a designU by collection and connecting together other designs. Each of the other designs
can in turn be built recursively from yet other designs, etc., until a subdesign is

S~reached which is composed of primitive design elements. In this case a primi-

tive design element is one for which no further interior structure is known.
Primitive design elements are also referred to as leaf cells.3 In order to represent a hierarchical design, there must be a way to represent the
design under consideration and the fact that it is composed of other designs
which are connected in some way. In the model described herein, a particularI ~implementation of a design is represented by the Netlist View entity. The inclu-
sion of smaller designs of which a NetlistView is composed are represented by
then Inst entity. The term Inst is an abbreviation for the word Instance.

I Instantiation is the act of using one design in the structure of another design. In
this model, the design which is being used is the Inst, and the design in which an
Inst is used is the NetlistView. An example of this could be the NetlistView as aI ~Printed circuit board and an Inst as an individual chip which is soldered down
onto the circuit board. A NetlistView may have more than one In~st within it and
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U multiple Insts of a single design may be placed into the NetlistView. An Inst rep-
resents the use of one design within another design. Each Inst represents an
instantiation of one NetlistView within another NetlistView.
An instantiation is not exactly a copy nor is it exactly a symbolic reference. For
example, in a NetlistView named '1l-alf-Adder" an Inst of a NetlistView names
"XOR" represents the fact that the design of an XOR gate is used as a component
in the design of a half-adder.

Having provided a representation for the hierarchical structure of designs using
the NetlistView and Inst entities, it is necessary next to provide a representation
for interconnecting the Insts within a NetlistView.

The connectors of a design are represented by the Port entity. Since an Inst rep-
resents the use of a specific NetlistView, the Portinsts belonging to an Inst
correspond exactly to the Ports on the NetlistView referenced by the Inst. For
example, if an Inst "XOR1" represents the use of an XOR gate within a design
then each of that Inst's PortInst entities will correspond to a single Port entity in
the NetlistView of the XOR gate that was used to create this Inst. The corre-
spondence between an Inst and the NetlistView it represents is referred to as the
"Describer Relationship". An Inst is completely "described" by the NetlistView it
represents. This same correspondence exists between a PortInst and the Port it
represents. Both the Inst and PortInst entities contain a Describer attribute. The
fact that PortInst's attributes for name and direction are DescriberName and
DescriberDirection indicate the close tie required between each PortInst and its
Describer Port.

To complete the initial model, the Net entity is used to represent each set of con-
nections between PortInsts and Ports within a NetlistView. When a collection of
PortInst and Port entities are associated with a Net, it reflects the intention that
each PortInst and Port in the collection will have exactly the same signal infor-
mation at all times. A Net may connect only PortInsts, only Ports, or a mixture of
the two.

One final concept is that of Bundles. In many scenarios, it is convenient for a
designer to group a set of signals together and refer to the set as a single signal.
In the Base Connectivity Model, this concept is represented by introducing the
notions of Scalar, Bundle, and Bus. A Scalar is an individual thing which may
not be unbundled into anything else. A Bundle is an ordered collection and a
Bus is an ordered collection with index values for each position. The idea of
Scalar, Bundle, and Bus is applied to Nets, Ports, and PortInsts.

A Net may be either a NetScalar, a NetBundle, or a NetBus. In a sense, there are
now three "types" of Net entities. A NetScalar entity represents one individual
signal which may not be further decomposed into subsignals. A NetBundle
entity is a collection of Nets, each of which is optionally a NetScalar, a
NetBundle, or a NetBus. A NetBus entity is a NetBundle with tow additional
attributes of Start and Step which define the range of index values associated
with the positions in the bundle.

Thus NetBundles have only the Names for each Net and an implicit Position in
the bundle for each Net. NetBusses are NetBundles that also have an index

ARPA Market Study Appendix Item * Page 3



1

value for each position. This index is restricted to be monotonically changing
from position to position by a fixed integer Step, that can be positive or negative,
but may Start at any integer value.

NetBundles do not hide the Names of their member nets. All Nets in any one
NetlistView are required to have unique names. Nets can appear in more than
one position in a given bundle and in more than one NetBundle. A given name
for a Net in a particular NetlistView always refers to the exact same Net.

A similar structure exists for Ports and Portlnsts, resulting in the definition of
PortScalar, PortBundle, PortBus, PortlnstScalar, PortInstBundle, and
PortlnstBus. The PortlnstBundles and PortlnstBusses get their structure entirely
from the corresponding PortBundles and PortBusses.

However, a significant difference from NetBundles is that PortBundles hide the
Names of their members from other PortBundle contents and from the names of
the Ports that are directly in the NetlistView. Thus Port Names may be reused
without referring to the same object. The other difference is that a PortBundle,
and thus also a PortInstBundle, cannot repeat a member in two different posi-3 tions. Therefore any one name only appears one time in a given bundle.

I
I
I
I
I
I
I
I
I
I
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Notes for Reviewers

Ireh, 24 aug 93 (draft 0.8)

Italicized sections in this document, or phrases enclosed in curly braces (. represent notes to the reviewer about

* unclear areas or discussions still not finalized. They should not be considered part of the final document.

Some of the drawings contained herein are based on original electronic work by TI as part of their HDI process
description; and further modified by MCC as part of the Design Interface Alliance.

Not all settings have been defined yet. All level 0 ones are. most level I and some level 2. They will be completed
by the draft release before the workshop.
The Thermal and Electrical models have not been integrated into this draft document as of yet. See separate
companion documents describing the proposed models.

TAB or Flip die are not yet included in this description. The current settings should not preclude and should
definitely support their inclusion.

A thorough review with experts in all IC process technologies has not been completed yet. Some technologies
such as GaAs, ECL or BiCMOS may not yet be properly covered.

Although we have tried to be very careful to consistently use terms, the terms we picked may not be appropriate or
correct for the technology (for example, we should possibly use "literal" instead of "value", etc.). Please suggest
clearer or more appropriate terminology (even if seemingly trivial) as needed. Being buried in it, we sometimes
miss the basic items.

I This document, many referenced documents, and related information is all available via the VHDL Interna'tional
Internet Repository. You can get access and download files in many ways. Each is described next:

Email access:
There is an email FTP archive server on the machine. Send an email message to archive@vhdl.org. The subject

is ignored. If a line in the body of the message begins with "help", then a descriptive help file of commands
available is sent. Basically, you communicate to the server through commands in the mail message body. It then
responds to your commands via email. You should always add the command "path <youremaildaddress> " to any
message to assure the return address is understood.

The following examples assume you have initiated a mail message to archive@vhdl.org. They list the contents (or

body) the email message should contain. Remember to use "path <your email address> " also.

For example: path randyhalmc.com

I To get Help: help

To get a listing of the available files and
directories at a given level: index publdie
and a description of each: send pub dielOOreadme - note: those are leading zero's

To ask for a file to be downloaded: send pub dieldie0-81die0-8.eps

Dfia-Up access:
Dial-up the vhdl.org system at 408.945.4170. Any baud (upto 14,400), parity, start & stop bits, and v.* settings

will do. Login as "guest" account. Once in, simple UNIX commands such as "cd publdie". "Is" and "cat" are

available. Also, you can download desired files using "kermit", "xmodem" or "sz" (zmodem).

Internet access:
Use "ftp vhdforg" (or 'flp 19831.14.3") and log in as user anonymous. Also, gopher is available and highly

recommended if you have it available. Gopher to "vhdl.org". Remember to set "binary" mode for any binaryfiles

you may select.
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I 1. Introduction
This document is the result of a study and workshop into the design practices and technologies of MCM and IC
manufacturers, designers and EDA tools. It represents the data requirements that have been extracted by key
companies and people in the industry that were used as the basis to form an interchange specification for die

5 library information. See (REQUIRE] and [WORKSHOP] for more details.

The DIE Format is designed to be a computer sensible (ElM tool processable) interchange format for information
from IC manufacturers to MCM designers and foundries. The format is not intended to be an Electronic Data
Book nor to necessarily represent all the information needed to understand the die. In some cases. information
important to the end user but not computer sensible has been included to facilitate understanding and use of theI 10 data.
The DIE Format is intended to convey the physical characteristics of the die - those needed for place & route,
thermal analysis, electrical signal analysis, power distribution design, and physical bonding. Other existing
formats are expected to incorporate the functional. tet and inherent timing information.
The primary focus has been on digital IC's but the format is eventually meant to include all components used in an

15 MCM process. (ICs, passive devices, connectors, etc.) Information that is tin,.e consumning to manually coilect,I difficult to enter, or not generally available has a priority for inclusion. Information specific about the bare die
form of a component generally falls into this category.

Specifically included are pre-diced die, bare die, and die that have been post-processed for attachment mechanismsI such as flip chip (Solder bump, C4, etc.), wire bond, TAB (flexible lead frame direct attach to die), and chips first
20 (chip in cavity, embedded chip, etc.; under thin film interconnection). These various forms of die and there use are

shown diagrammatically in figure 1. In this first release, TAB has not been covered nor flip chip with solder
bumps or ezara thin-film layers added.

WrBodA\Flip Ch~p (04) TAB Mount (up)

3ae i TABsd Die Epoxy Die Attach

Bara~~~~isN IChl I I Crmp I
Bulk Substrat atera

Chips First (High Density Interconnect) Shown

25 Figure 1: Typical MCM Die Attach and Pad Bonding Mechanisms

This format represents an interim solution to exchanging bare die information. The resulting information model
crudely defined by this document will be used to further refine more comprehensive standards. Specifically, it is
expected to help drive the EIA EDIF [E1A548] and CFI CIR (Pinnacles) Electronic Data Book format
(syntactically represented using [S0ML8879]) emerging standards. A final standard from C71 or EIA is not

30 expected to be ratified before 1996.
Whatever the final standard, the interim format is kept simple so as to make easy availability of a translator
capable of taking DIE Format blocks and converting them into any final standard that develops. In this way, IC
manufacturers who start delivering to the format today are guaranteed of a long commitment to the format into the
future. Also, consideration is given to generating a block from a GDS 11 file. This, along with the humanI 35 readability of the format, should make it easy for IC manufacturers to create the necessary file block info about
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their die. Given EDA vendors are committed to adopting the format as it exists today, this should further enhance
the usefulness of this interim solution.

The specifics of the format itself are broken up into three major sections. First a top down structtre of the data.
and other lexical information about the format is described. Then the compliance levels with the settings are
introduced. Finally, the core of the format, the settings are described in a reference style format for easy look-up.
The first two section's should be read for an overview, followed by a detailed reading of each setting in the final

section. Following the settngs are a glossary, reference list, and appendices giving detail in a collected format (for
example, the BNF).

1.1. Basic Model

10 The DIE Format is designed to convey information about bare die in a convenient, succinct manner suitable for
EDA tool processing and MCM designer consumption, where needed. Post-processed die which have TAB,
ribbon, or solder bumps added to the bare die am considered special modified forms of the die and as such, receive
their own section of description. These special forms of still unpackaged die reference will still need to reference
the bare die information for a majority of the detail.

15 Many times information is common across many die or many objects being described on the die such as interface
pads. In these cases, the format allows for the separate definition of the information and objects and then theI instancing of the object with any necessary "local" customization given at that time. This is similar to how the
TAB die actually reference the bare die and then proceed to describe the differences or "added" objects.

From here on out, when die is used unannotated in the this document, it implies bare die. All other form of die
20 (such as flip die, TAB die, etc.) will be identified as such. The generic term for all these various types of die is

unpacka ged die.

For TAB die, the pads am defined to be the contact point areas of the lead frame - sometimes termed the Outer
Lead Bond (OLB). The lead frame is broken up into three sections - the 1nr Lead Bond (ILB), the connecting
tape, and the OLB.

25 Note ti, ; for ribbon die whi"' to be mounted face down (flip), the OLB will be interior compared to the
connecting tape. This is due to the action taken of cutting off . shortening the leads during bonding.

Datum and coordinate system

Geometrical figures are defined; two-dimensional, Euclidean view plane. The geometrical figure is formed by
an orthographic parallel project,. rom the die to the view plane. The view plane is parallel to and above the

30 plane formed by the die active surface. The outside surface closest to the electrically active layers of material
defines the "top" of the die. This outer, "top" layer is typically coated with an electrically passive material and thus
termed !'- "passivation layer".

Pad.•K Dirmio.

3~ Mt [ " ' rActi e O se

WI Of* Thickness (Z) 4z P~aivaon 'aver'

I~i C01dtff Surfacer

1 046:- _Top View Side View

Figure 2: Miscellaiiaous Die and Pad Specifications
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The die coordinate system origin is defined at the center of the smallest rectangle which will bound the die's view
plane. A "rotation" orientaton of the die is arbitrary but must be consistently applied. The bonding pad diagram
is usually a useful visual aid to establishing for the user the orientation of the die in the view plane.

S...... •..
•'""(•Or'""•

'"" Pad Center

"./<7\",,of D,.
Y ...... , (Dawum) 1

Bond Pad Map
(exampies of Pad %~pes)

I : .-. ..
~~. . ...... .... .,...... !.

................ .... . : .. .. .. . . . ...........".. ' !il

Lu= x , --

Figure 3: Die and Pad Datum (centers),
Pad outliý. and p: .ement examples

Similarly, a pad's coordinate system origin is defined to be the center of the smallest rectangle which will bound
the pad. For level 0 pad geometry's, a pad , defined as the smallest passivation opening over the metal contact of
an intended connect point.

Pasaivalon Bond Pads
Opening (Metallization)

I '~Edge Pasaivalon
Edge

IFigure 4: Miscellaneous Die and Pad Specifications

10 Tolerances and Accuracy

A physical dimepsion, such as a width, height or thickness, has both a basic dimension value and a tolerance. The
basic dimension is defined to be the numerical value used to describe the theoretical size of an object. It is the
basis (or datum) from which the tolerances and accuracy are defined. Tolerances specify the minimum or
maximum expected deviation from a given theoretical di-,nsion for the physical structure being described.
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The tolerance for a physical dimension or coordinate point is given by a separate setting atribute. If not defined
for the section, then the tolerance is unknown. The tolerance represents the deviation in the physical object from
the basis.

Each numeric value has a precision and an accuracy. The precision is represented by the number of numeric digits
I used to represent the value. The accuracy is, by default, plus or minus 1/2 of the least, non-zero digit radix. That

is, if the last non-zero digit radix is 10-3, then the accuracy is * .0005. When creating a block in the DIE format,
the appropriate precision to imply an accuracy that is close to the intended value should be used for all values. The
accuracy represents the deviation possible in the numeric value due to measurement, computing or other forms of
introduced errors; but not the tolerance of a value to represent a physical item.

10 Note that an accuracy of other than 1/2 a digit cannot be specified (although a tolerance for a dimension can be
more specific).

1.2. BNF Conventions

Throughout the rest of the document, the syntax of the DIE Format is introduced using BNF. The conventions are
briefly covered here for those readers unfamiliar with this format.

15 A definition is shown starting with a non-terminal of the item being defined followed by a '::=' sequence and then
the body of the definition. A definition may spar, .nultiple lines of the document.

<Nonterminaldefinition> ::- <body>

A non-terminal is shown between angle brackets ('<' and '>'). A terminal is a keyword or special character shown
in boldface type and between single quotes if only a single character.

20 <non terminal>
teui~nal,_much_am_keywordI '1'

When zero or one occurrences of an item or group of items can exist, the item(s) are grouped within square
brackets ('[' and ']'). When zero, one or more occurrences of an item or group of items can occur, they are groupedI 25 within curly braces ('(' and ')'). One or more occurrences are defined by putting the item(s) first and then again
inside curly braces. When a fixed number of items, a fixed number range of items, or a fixed minimum number of

items is required; this is represented by putting the items in curly braces followed immediately by the number or
range designation (n, n-m, or n+; respectively).

Zero or One Occurrences: [ <body>
30 Zero, One or More Occurrences: ( <body>

One or More Occurrences: <body> ( <body>

Sometimes there is the possibility of a choice between several different items. Each item may be a single name
value or a complex non-terminal. When there is an option or choice between a list of different items, the items are

separated by a vertical pipe ('0) character. All items between two vertical pipes are part of the same choice. All

35 items between the definition start and the first vertical pipe are part of the first choice. All items after the last

vertical pipe to the end of the definition comprise the last choice.

<choicedefinition example> ::- <1> <2> <3> I <x> <y> I <a> <b> <c> <d>

I Items may be grouped into a sub-definition to avoid creating a nested definition. If an option is being defined, the

grouping defines the beginning and end of the definition. The grouping is indicated by enclosing the items in

40 parenthesis ('('and ')').

::- ... <item> ( <2> <2> <3> / <x> <y> I <a> ... ) <Item> ...
which is in lieu of doing a reference to another non-terminal:

::- ... <item> <choice definitionexample> <item> ...

Non-terminals shown in the syntax that are (tokens or lexicons or literals) of the language are described in the

45 lexical conventions section presented later on.

I
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I
5 1.3 Objective Statements

The following are the key objectives which this Alliance will accomplish in fulfillment of its

3 mission.

"" The Alliance will define, develop, and disseminate a comprehensive set of ASEM

I information and dam exchange interface specifications for the bi-directional flow between

the design environment and multiple manufacturs (open foundries).

"* Existing standards will be exploited to the fullest extent possible and recommendations

made for their extensions to ac€omnemodate any unique requirements for ASEMs.

"* Any new candidates for a standard will be prepared for submission to the appropriate

standards group.

"" Focus will initially be on the exchange of physical level design information, progressing

upward in the design flow as deemed necessary later in the program.

I
1.4 Plan-of-Action

.MCC, as the Alliance facilitator, has defined a five step approach to accomplish the mission of

I the program. These basic steps are as follows:

* Establish Program organization, industry/government Steering Committee, and roadmap.

I Define a working model of the ASEM design information/data flow, PRIORITIZE, and
partition it into logical interfaces.

* Hold industry review session, staff w•nking groups with experts to address specific
interfaces, develop interface specification documents, and exercise and validate those
interface specifications.

I Review and seek approval from Alliance members (revise as needed).

• Determine applicable standards for the exchange of ASEM design data, identify any3 modifications and/or make recommendations for new standards.

These steps are incorporated into this document and form the basis of the roadmap (PERT
chart) included in section 2.0.

I 2
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I

I John Isaac (Mentor r3.) Randy Hart (Logic Modeling)

Kevyn Salsburg (IBM) Dave Zamow (Hughes)

Frank Boyle (Cadence) Don Kuk (Intergraph)

Lou Concha (WL) Wes Hansford (ISI)
3 Tony Mauullo (Harris)

I The responsbilines of the sering committee include the following:

- Provide overall executive direction for the Prograrn.
I Determine priority of interfaces and appropriate subcommittees (working groups).
0 Help recruit appropriate individuals for working groups.
* Monitor the working groups to ensure focus and progress.

i 2.3 Roadmap (PERT Chart)

i Based on the recomnmendations and requirements established by the steering commnttee over the

past four months a PERT chart was generated based on the schedule of events and milestones

needed to meet the mission statement of this program. The PERT chart was generated based on the

definition of working groups recommended by the steering committee. Refer to section 4.0 for

Working Group mission statements. This PERT chart accommodates the requirements of the

validation pilot project working group as needed to exercise and support the working groupsU defining the actual interface specifications. The PERT charts are comprised of the following four

pages.

I5
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3 External Designers Open Foundry -

System Behavioral
I Deintion Level

Level Possible
_________Points of Entry

Behavo __ RTL (Netlist

Level jLevel
tStructural/RTL (Ntlis t•

LIevel I, Physical
Layout

Structural/F
Physical - Fabrication

Level

3 Figure 3-2 There will be muliple entry points from an external customer to an ASEM foundry.

A more detailed analysis of the foundry interface was provided by Texas Instruments and

Motorola with additional reviews and comments by the other steering committee members. The

view at this more detailed entry level is shown in Figure 3-3. This illustrates the relationship of

3 external customer design flow with the entry into the foundry's internal design flow. The bi-

directional exchange of information is essential for the complete and accurate design of ASEMs.

Hence, the early design information from the foundry to the external customers must be defined

concurrently with the flow of electrical design, layout, and packaging information from the external

design w the foundry.

I

I

I

I
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I The interdependencies on the bi-directional flow of information made itex... difficult to

define the working groups which will work explicitly to determine the various -;" ,aces at each
exchange level. The type of information required is also dependent on the point of entry into the
design flow. The steering committee decided to partition the problem into topics wh.ch representE the flow of information and recommended that the working groups should be defined accordingly.

Note that the nomenclature used below was selected to refer to the direction of the data exchange
i and will be used throughout this document to describe the topic matter of the working groups.

The r.-oblem was partitioned as follows:

I ) Customer-to-Foundry: That information which is produced by the customer from both the
CAD environment and from other descriptive information that is required by the foundry to
produce an ASEM.

I 2) Foundry-to-Customer: That information which a foundry must provide a customer to
select and design, with the appropriate technology, an ASEM which meets the customer's
application requirements.

3) IC Physical Desciption: That information required by both the customer and the foundry
ID complete the physical and electrical design of an ASEM.

An example of the type of design information is shown in Figure 3-4.

I
AsEM Desin Flow IneronetTcoog

Systern Prcs Info/Data

I Definition 1 4 -- , -" em oiyu -I

BLevel 
, II

_ Manu__cturbiMy/ae
"IaiReiail Design Info/Data I

_. TestabllyBehaviora • ' Des'g Info/nata " -I nfatrr

Bare Manotatror

I IFI~~~TL (Netllas, l•On
/ Level a kntn I

I ,. Netfist Fal
SStructural/ " Physclaya, •y -l -a

Physical Component/pans list ll
S[ constraints

Figure 3-4 ASEM design data types and direction of design informationldaa flow.

I
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I
7Th Customer to Foundry Working Group will also publicize our activities to other standards

groups (CFI, IGES Harmonization, PAP/E, EDIF, VHDL), and to the industry in conjunction
I with industry meetings (IEPS in San Diego in September '93 and the IPC meeting in Washington,

D.C. in October '93.)

3 The Working Group will also review the IC Draft prepared by the IC Data Specification and
Interface Working Group.

4.2 Foundry-to-Customer Working Group Mission (Chairperson: Kevyn
I. Salsburg)

Objective: To define, through industry consensus, interface specifications leading toward the

standardization of the exchange of data from MCM foundries to the ASEM CAE/CAD
environment. This data shall include:

-- * delivery files
* design kits
- feedback information following data transfer from customer to foundry
• technology rules

The working group will add information to the MCC draft specification which:
I 1) defines what information will be given back to ihe customer following an exchange of

design data from the customer to the foundry, and
I 2) defines the format of that information so that the same type of information is provided to

the customer independent of which foundry was used.

I A data model of the content of design kits will be coordinated through the information

modeling working group.

The first focus of this group will be directed at information and data needed to ensure theI success of physical design level data.

4.3 IC Data and Interface Specification Working Group Mission (Chairperson:
Randy Harr)

Objective: To identify, develop, and refine interface specifications that are essential for the
exchange of IC related physical design information needed as part of the design data interface

1 15



I
complexity of the validation exercises and to have well defined demonstrable milestones each six

months.

I
5.0 Industry Review Process

II Factored into the program's plan of action are specific steps to ensure the review and
i acceptance by industry of the interface specification standards. As shown in the program PERT

chat there we planned industy participations, reviews and presentations over the next 18 months.
Key to the success of the industry consensus process is the staffing of working groups by

industry, representing the interests of end-users (customers), EDA vendors, IC manufacturers,

suppliers, and ASEM manufacturers.

I Working group chairpersons and MCC will ensure the recruiting of volunteer participants in
the industry review process. These working groups are chartered with the missions listed in

Section 4.0 above. The review process must be formalized so that information is captured and

presented for industry review in a well organized model. A procedural approach to analyze and

describe the information and data interfaces will be followed for each interface level, using a
common information language called EXPRESS. EXPRESS is an object oriented, "Pascal-like,"

I language used to capture information in a common descriptive format (textual, graphical, physical,

process, etc). The use of EXPRESS is extremely important because, first, it provides a well-
defined characterization of the information received or generated at each interface level. This is a
sufficient prerequisite to allow EDA vendors to provide design automation tools and to allow
definition of the foundry interface. Second, it is important to both government and industry that

I the information description allows industry to act early with the interface specifications and not

wait for them to become an accepted standard.I
I 6.0 Standards

The Alliance does not intend to create a new standard, but to leverage from existing standards and

determine a standard method and approach in applying these standards to standardized on how data
and information is most easily exchanged from the design environment to the foundry for

manufacture. As secounended by the steering committee, in the near term this standard will be

comprised of multiple industry-accepted data formats for physical layout with augmented files such

as for text and test data. In the long term, the Alliance will work with other standards groups such

I 17
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13CREMA asem;

3NTITY Property;
name: STRING;- %value: STRING;

3NDlENTITY;

NTITY Layer
SUBTYPE OF (DbObject);
lyrs INTEGER;

END ENTITY;

LNTITY Point
SUBTYPE OF (DbObject);
x: REAL;
y: REAL;

END-ENTITY;

ENTITY BBx
SUBTYPE OF (DbObject);
11: Point;I ur: Point;

END ENTITY;

ENTITY Line
SUBTYPE OF (DbObject);i lyr: Layer;
nPath: INTEGER;
path: LIST OF Point;

*ENDENTITY;

ENTITY Path
SUBTYPE OF (DbObject);
beginExt: REAL;
endExt: REAL;
lyr: Layer;
netNum: INTEGER;
nPath: INTEGER;
path: LIST OF Point;
pathShape: STRING;
vidth: REAL;IEND ENTITY;

ENTITY Rectangle

SUBTYPE OF (DbObject);
bBox: BBx;
lyr: Layer;

IEND-ENTITY;



justify: STRING;I labelType: STRING;
lyr: Layer;
orient:3 STRING,I angle: REAL;
theLabel: STRING;
xy: Point;3ND ENTITY;

flITITY compldentTextI SUBTYPE OF (Label1);
ND ENTITY;

INT! TY Cell
SUPERTYPE OF (ONEOF (via,, Padstack,, Package#

chipReference, Fiducial, chipBondPads, bondPad,
connectorPad, connector))

SUBTYPE OF (DbObject);I block~ame: STRING;
cellType: STRING;

* objList: LIST OF DbObject;
5.ND ENTITY;

NTITY diePhysicalDimensions
SUBTYPE OF (DbObject);
chipunits: REAL;
x: REAL;3 xTolerance: REAL;
y: REAL;
yTolerance: REAL;
padShape: STRING;I padConterlinetoDieCenterline: REAL;
padCenterlinetoDieCenterlin.Tolerance: REAL;
dieThickness: REAL;
dieThickneusTolerance: REAL;Iiiu~eetueie EL
minimumDieFeatureSize:oeane REAL;I ND ENTITY;

ENTITY bondPadMap
SUBTYPE OF (DbObject);I pinOut: LIST OF PadstackOccurrence;
pinsSkipped: LIST OF PadstackOccurrence;
xOpeningSize: REZAL ;

END yOpeningSize: REAL;
N- ENTITY;

7NI TY dieBackSide
SUBTYPE OF (DbObject);

materialType: STRING;
uiaterialThickness: REAL;I murfaceFinish: STRING;
electricalPotential: STRING;
minimuwnsiasVoltage: REAL;
votagounits: REAL;I ~miniznumBiasCurrent: REAL;
currentUnits: REAL;E 3ND-ENTITY;

ENTITY dieOperatingTemperature
SUBTYPE OF (DbObject);
minimuwhl loved: REAL;
maximumAlloved: REAL;



processLimits a physicalProcessLimitations;I ~criticalConditions a dieCriticalConditions;
protectiveLayer a topProtectiveLayer;
padMetal: diePadMetal;I ~attacht~aterial: dieAttach;
handlingLimitations: LIST OF STRING;
assemblyProtectodAreas: LIST OF Polygon;

'END lidSeal: dieLidSeal;
NDENTITY;

I ENITY vireBondedDie
SUBTYPE OF (Chip);
bondWireSiz.: REAL;
sizeUnits: RE.AL;
dovnBonds: INTEGER;

END -ENTITY;

I ENTITY TABFrameMap,
SUBTYPE OF (DbObject);
xDimension: REAL;I yDimension: REAL;
lengthunits: REAL;
electricalPotential: REA~L;I potentialunits: REAL;
pinList: LIST OF PadstackOccurrence;

END ENTITY;

I ENT-ITY TABbedDie
SUBTYPE OF (Chip);
outline: STRING;
frameMap: TAB~raznekap;
partftap: Occurrence;
leadfram.CoatingMaterial: Material;IEND leadFrameCoatingRemoval: LIST OF STRING;

ENSUBTYPE OF (DbObject);

location: LIST OF Point;
conterToCenter: REAL;
tolerance: REAL;N lengthUnits: REAL;3 ybwnp: REAL;
cl~oseatToldqeDistance: REAL;
funcae LIST OF STRING;

* uinimumBumpToActiveDiatance: REAL;
*END-ENTITY ;

ENTITY FlipChipDie
SUBTYPE OF (Chip);
bumps: dieBumps;
protectiveCoating: Material;
protectiveCoatingRemoval: LIST OF STRING;

END-ENTITY;

IENTITY Occurrence
SUPERTYPE OF (ONEOF CviaOccurrence, PadstackOccurrence,

viaHoleOccurrence, viaPadOccurrence,I PackageOccurrence, chipReferenceoccurrencel
FiducialOccurrence, chipsondPadsoccurrencef



gI ~NDZIIIIy" REN• .. LZT ZT y ;

ENTITY bondPadSUBTYPE 
OF (Cell);

name: STRING;VN,_END TITY;

ENTITY bondPadOccurSmSUBTYPE 
OF (Occurrence);

ENELNTA'aft: STRING;

I ENTITY, ChYPBondPad

- SUBTYPE OFgNDENTITY; STRING;

IENTITy ChiPondPadnOccurrenceSUBTYPE OF (Occurrence);
flaT:; STRING;

"ENTITY Connector
*SUBTYPE 

OF (Cell);ISND nam~e: STRING;

~~ENTITY; ZG

g ENTITY COnnectorOccurr

SUBTYPE OF (Ocrence)

name: STRING;ccurrence)

E1DENTrITY;
ENTITY cnnectorpad

SUBTYPE OF (Cell);
EN TIhame: STRING;

SZDETTY;

ENTIY connectOPado
SUBTYPE OF (Occurrence);flameT, STRING;uEND ENTITY;

IENTITY vialole

SUBTYPE OF (DbObject);9 Shape: DbOb)Sct;
EN I t erame STRING;ENDENTTY;

EPTITY V1aPad
SUBTYPE OF (bbObj*Ot);
$haPet DbObject;

E~ ~nD E t :~ STRING;

ENTTYvia~oleOccurrec9 ENITYSUBTYPE OF (Occurrence);
halter:- STRING;
xy: Point;9 rotation: STRING.

END...nat :~ STRING; f

m EU•LR-swTY;
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I

EDA

DICE MARKET STUDY

I TELEMARKETING PROGRAM

I NAME: MR./MS.

TITLE:

I COMPANY:

I ADDRESS:

I CITY: ST: ZIP:

i TELEPHONE:

Good morning/afternoon this is _ from Marketing Support Services. I am calling in
support of a study sponsored by the ARPA, Advanced Research Projects Agency. This
study is collecting information on concurrernt engineering software for multichip module
design. Your input is very important to us as the Information gathered will be included in
the study. This study will be distributed to ARPA and made available to a wide range of
government agencies. This survey can be done anonymously.

May I please have a few minutes of your time to ask these survey questions?

YES NO - May I call you back at a more convenient time?

I
Thank you.

1. Are you currently utilizing, or planning to use in the future, Multichip Module

Technology?

1. CURRENTLY USING -(Go to ques 3) 2. THE FUTURE-(Go to ques 4)

I 3. NOT USING -(Go to ques 2)

I 2. Is there someone else in your organization that may be using, or considering

using MCM technology?

I YES -(Get name and telephone number, ask to be transferred)

NO -(Terminate call)

i4- W..,A 0..WWm.A • XasI~sX.E de Page 1 of 9



I
I 3. In which phases of MCM design or manufacturing are you involved?

SA. DESIGN ICOMMENTS

I B. SUBSTRATE FABRICATION

C. ASSEMBLY

IED. TEST

I E. DESIGN SOFTWARE

F. ENGINEERING SUPPORT

iHG. CONSULTING SERVICES

GO TO QUESTION 7 *

4. In which phases of MCM design or manufacturing are you expecting to be
involved?

COMMENTS

A. DESIGN

i I B. SUBSTRATE FABRICATION

C. ASSEMBLY

D. TEST __3 E. DESIGN SOFTWARE

F. ENGINEERING SUPPORT

G. CONSULTING SERVICES

I
I
I

•• Page 2 of 9



I
5. On a scale of 0 to 10 with 0 indicating not important or not satisfied, and 10

indicating very important or very satisfied, how would you expect to rate the
importance and satisfaction of the following activities in which you are considering
utlizing MCM technology: (Ask for ratings only on the ones Indicated "IN
USE" In ques 4)

IMP SAT COMMENTS
.4.DESIGN ___ ___

B. SUBSTRATE FABRICATION -2___

C. ASSEMBLY _

D. TEST

E. DESIGN SOFTWARE _

F. ENGINEERING SUPPORT

G. CONSULTING SERVICES 7

I 6. Which of the follrwing MCM technologies are you planning to use in the future?

COMMENTS

A. MCM-L LAMINATE __

I B. MCM-C CERAMIC
THICK FILM

I C. MCM-C CERAMIC LOW
TEMPERATURE COFIRED

I D. MCM-D THIN FILM _____
ON SILICON OR CERAMIC

I E. MCM-HDI CHIPS-FIRST

F. OTHER:

GO TO QUESTION 9

I
I
I

A•u.1miS~.i~on.IFL •RUCWE/d Page 3 of 9I



I
7. On a scale of 0 to 10 with 0 indicating not important or not satisfied, and 10

indicating very important or very satisfied how would you rate the importance and
satisfaction of the following categories in which you are utilizing MCM technology:
(Ask for ratings only on the ones indicated "IN USE" In ques 3)

IMP SAT COMMENTS

I A. DESIGN

i B. SUBSTRATE FABRICATION

C. ASSEMBLY _.____

I D . TEST _____

E. DESIGN SOFTWARE -2___,

F. ENGINEERING SUPPORT -3

I G. CONSULTING SERVICES ___4

8. Which of the following MCM technologies are you currently using, or are planning

to use in the future?

i IN USE FUTURE COMMENTS

A. MCM-L LAMINATE 5 ____s

I B. MCM-C CERAMIC -.. __

THICK FILM

I C. MCM-C CERAMIC LOW 17
TEMPERATURE COFIRED

I D. MCM-D THIN FILM - .__ __

ON SILICON OR CERAMIC

II E. MCM-HDI CHIPS-FIRST ___._

MS -JLESSRUC)M Page 4 of 9



I
9. What design tools do you currently use, or plan to use, in your design

I environment?

A. FOR CAE 7_

B. FOR CAD 73

C. FOR CAM 74

D. FOR YOUR OVERALL 75
ENVIRONMENT & FRAMEWORK

10. Please rate the following issues relative to the design and manufacturing of
MCM's.

IMP SAT COMMENTS

A. DESIGN AUTOMATION
SOFTWARE

B. THE INTEGRATION OF YOUR _2i

DESIGN TOOLS
FOR MCM DESIGN

C.STANDARDS FOR DATA _ _._ _

TRANSFER BETWEEN
DESIGN AND MANUFACTURER3 D.ACCESS TO CHIP & _ __

COMPONENT DATA

3 E.KNOWLEDGE OF DESIGN _24

METHODOLOGIES TO
IMPLEMENT MCM'S

F.AUTOMATED TESTING & _25

QUALITY METHODS

I

AS.iW_:-_ dhI.:-:•inU:•-.-WFLEU~mcW. Page 5 of 9



I
S 11. Using the same 0 to 10 scale, please rate the following capabilities?

IMP SAT COMMENTS

I A. AN ENVIRONMENT WHICH
ALLOWS THE OPEN,
BIDIRECTIONAL
TRANSLATION OF DATA
FROM ONE DESIGN SYSTEM

I TO ANOTHER

B.THE CAPABILITY TO DESIGNE AN MCM ON TWO DIFFERENT
DESIGN SYSTEMS
SIMULTANEOUSLY, FORU EXAMPLE AUTOROUTING,
THERMAL ANALYSIS,
& MANUFACTURING

I DOCUMENTATION

C.THE CAPABILITY TO MOVE
DESIGNS AND DATA
AMONG SIMILAR APPLICATIONS
FROM DIFFERENT EDA VENDORS

I D.THE CAPABILITY OF _29

STORING THE MCM DATA
IN NEUTRAL FILE FORMAT
RATHER THAN AN EDA
VENDORS NATIVE FORMAT

SI E.THAT EACH SOFTWARE
APPUCATION IS BEST IN ITS

I CLASS

F.THAT ALL OR MOST OF THE ____ _

SOFTWARE USED IN YOUR
ENVIRONMENT BE PURCHASED
FROM A SINGLE VENDOR

I
I
I
I
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I
12. Please rate the following relative to applications, features or capabilities of an

MCM design environment?

3 IMP SAT COMMENTS

A.SYSTEM SPECIFICATIONS _32

I B.SYSTEM PARTITIONING __._ _

I C.AUTOROUTING

D.PACKAGING TECHNOLOGY __._

I SELECTION

E.SUPPORT OF MCM
I FOUNDRIES WITH

DESIGN KITS

F.OPTIMIZATION OF 37

MANUFACTURING DATA

3 13. Does your company use CONCURRENT ENGINEERING?

1. YES - (Go to ques 16) 2. NO -(Go to ques 17)

1 3. NOT SURE -(Go to ques 14)

1 14. Our definition of "CONCURRENT ENGINEERING" is:

"Concurrent Engineering consists of a design methodology and the use of
design automation systems that promote and support a multi-disciplined
engineering team where team members work In parallel to complete an
optimal product design in the minimum amount of time."

15. How closely does your current electronic design automation software and
systems match the concurrent design environment that was just discussed?

3 1. VERY CLOSELY 2. CLOSELY 3. SOMEWHAT

4. NOT AT ALL 5. OTHER:

"I

U
I
3 M.#ou=•wMucESSRCFJ Page 7 of 9
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16. In your opinion, how important is investing in design automation systems to meet
your concurrent engineering requirements? (Prompt)

1. EXTREMELY IMPORTANT 2. VERY IMPORTANT

3. IMPORTANT 4. NOT IMPORTANTI
17. In selecting an MCM manufacturer, please rate the following factors on the 0 to 10

scale.

IMP SAT COMMENTS

I A. THE AVAILABILITY OF
DESIGN KITS FROM THEI MANUFACTURER OR EDA VENDOR.

B.THE MCM MANUFACTURES _

REPUTATION, EXPERIENCE,
TRACK RECORD.

I C.THE TECHNOLOGY OFFERED
BY THE MANUFACTURER

i D.RECURRING COST OF 41
PRODUCTION

E.ENGINEERING SUPPORT ._423 AND CONSULTING

3 18. Using the same scale please rate the following data exchange standards:

IMP SAT COMMENTS

I A.CAD FRAMEWORK INITIATIVE 43_

(CFI)

I B.STEP/PDES -_3 C.IGES 46

D.EDIF __3 E.IPC-350

F.GERBER

G.GDSII STREAM .... _ __3 H.DXF so

3 nmIxpowmfimsbsUFILESA9RUCEJdice Page 8 of 9
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1 19. The last question is an overall satisfaction rating with the effectiveness of your
current engineering design environment. What is your rating on the 0 to 10 scale3 and why?

3Thank you very much Mr./Ms. for your time. Do you have any final comments
you would like to make regarding MCM technology?

3 YES NO

I

COMMENTS:

II
I

3IneVhiaiof4me~joabsFILES/BRUCE/dic. Page 9 of 9
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Marketing Survey List

I 1. MOSIS Organizer Engineering Manager
USC - ISI - MOSIS

3 Marina Del Ray, CA

U 2. Consultant
IBM
South Bend, IN

I 3. Anonymous #1

U 4. Anonymous #2I
5. Anonymous #3I
6. Manager Micro Electronics & Communication Technical Program

Martin Marietta
Syracuse, NY

7. Sr. Member Technical Staff
Texas Instruments
Dallas, TXI

8. Advanced Manufacturing Speciliast
Acustar
Huntsville, ALI

I 9. Qualcomm

I 10. Digital Equipment Corporation

Merrimack, NH

II ft. Asmvbmf.mat•.wiF.EI3UCFJ.DAP.v " Page 1 of 3



I Marketing Survey List

I 11. Senior Software Engineer
Raytheon CAE Operations
Tewksbury, MA

E 12. CAD Support
Mayo Clinic
Rochester, MN

I 13. VP Products/Services
H Chip Inc
San Jose, CA

U 14. Manager/Advanced Pkg. Technologies
ERIM
Ann Arbor, Mi

15. Drafting Supervisor
Micro Networks
Worchester, MA

U 16. Harris Government Aerospace Systems DivisionI
17. Harris CemiconductorI
18. Eastman Kodak

* 19. Motorola

20. Hayes Microcomputer Products

I
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Marketing Survey List

I 21. Hughes

I 22. RaytheonI
23. Charles Draper LabsI

I 24. Interchip systems Inc.

I 25. SMI Electronics

I 26. Motorola

I 27. Litton Amecon

I 28. Raytheon

I
I
I
I

I
I
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I Basic Statistics

The pages aa-bb contain the numerical analysis performed by the Telemarket~ing

I group.

A summary of the statistics is contained on the following pages.
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G. EDA Commercial Vendor List
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1
EDA Commerical Vendor List

3F Designs Concept Circuit Impex Design OEA Source 1I, Inc.
Accel Design Solutions International Spectral U
Technologies Concurrent Logic INCA Omation Innovations

Actel Consultek Infinite Graphics Orcad Spectrum
Acugen Software Integrated Circuit PADS Software, Software I
Advanced Systems, Inc. Applications Inc. Spectrum Signal
Microcomputer Contec Integrity PCAD Processing, Inc.
Systems Microelectronics Engineering Penzar Sunrise
Advantest Cooper & Chyan Interactive CAD Philips Sunrise Test I
AET Associates Technology, Inc. Systems PIE Design Systems
Aldec Crosspoint Interconnex Systems SWIFT
Altera Cypress Interference Plus Logic Enterprises I
Ansoft Corp. Semiconductor Control Tech. Powertronic Synopsys
APSI Data I/O Intergraph Systems, Inc. Syntest
Ariel Corp. Design InterHDL Design Precision T-Cubed Systems
Array Computation Intusoft Graphics Tanner Research
Microsystems, Design ISDATA Protel Tatum Labs, Inc.
Inc. Automation Layout Concepts Technologies TD Technologies
Ascent Deutsch Research Lehdar Systems Quad Design TEAM
AT&T Douglas Corp. Quantic Labs Teradyne
Automated Logic Electronics Lewis Systems Quicklogic TESoft
Design Eagleware Lightwave Quicktum Testniques, Inc.
CAD Artisans EEsof LMSI Racal Redac The Great
CAD Software Engineerium Logic Modeling Ready Systems SoftWestern
CAD Solutions Epic Corp. Redwood Design Texas
Cadence Epoch Logical Devices Automation Instruments
CadSoft Evaluations Per 1W * ee, Rohde and Ultimate
Computer Second Schwarz Technology
CADstar Exemplar Logic, LSI Router Solutions Vantage
Calay Inc. Mag Soft Corp. Rubow Systems Viewlogic
CAM Software Fintronic Massteck Seed Solutions Vista
Research Flomerics, Inc. Mental SES Technologies I
Capilano GenRad Automation, Inc. Signetics VLSI
Computing Hanson Mentor Company Wellspring
Cascade Engineering Meta-Software Silicon Solutions
Checklogic Elcad Microsim Automation Wintek Corp.
Chronology Harris EDA MINC Systems WISE Software
Corp. HDL Systems Model SimQuest Solutions
CLSI HP Technology Simucad Xilinx
Comdisco Hyperception NEC Electronics Simulation Zuken
Compact i-Logix NeoCAD Technologies Zycad
Software IBM/Altium Nextwave Simutest l
Compass ICT SONET
Computervision IKOS
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